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Background: Childhood nephrotic syndrome (NS)
has a relapsing-remitting course resulting in a
significant corticosteroid burden or a prescription of
cytotoxic immunosuppressive therapy. The ideal
steroid regimen for the initial episode remains
elusive.

DOI: http://dx.doi.org/10.4038/sljch.v46i4.8380
(Keywords: Childhood nephrotic syndrome,
tapering prednisolone, relapse, remission)
Introduction
Childhood nephrotic syndrome (NS), the most
common paediatric glomerular disease, is
characterised by a tetrad comprising heavy
proteinuria, hypoalbuminaemia, hyperlipidaemia
and generalized oedema1. Nephrotic syndrome has
an incidence of 2 to 7 per 100,000 Caucasian
children with a higher incidence of about 16 per
100,000 in Asian children2,3. Steroid-sensitive NS
remains the predominant type of NS during
childhood with 90–95% children being responsive
to steroids, of whom a greater proportion have
minimal change nephropathy (MCN)4. The disease
is characterised by a relapsing and remitting course
in most children. After 8 weeks of oral corticosteroid
therapy, about 80% of children will relapse, thus
requiring further courses of steroids4. Complications
such as sepsis, thrombosis, malnutrition,
dyslipidaemia and hypovolaemia are risks
associated with relapses which complicate the
disease course posing a challenge to the paediatric
nephrologist.

Objective: This study was conducted at a single
centre to assess the outcome of a longer regimen of
prednisolone for the initial episode of childhood NS
in comparison to the shorter regimen used earlier.
Methods: The clinical records of children with NS
were stored manually since 1994 and electronically
since 2002. From 1994 to 2002 all patients attending
with the initial episode of NS were prescribed
60mg/m2 prednisolone for 4 weeks followed by
40mg/m2 on alternate days for 4 weeks (short term
therapy / ST). From 2002 the initial episode was
treated with 60mg/m2 prednisolone for 4 weeks,
followed by 60mg/m2 on alternate days for 2 weeks
tapering by 10mg/m2 every 2 weeks over a period of
12 weeks (long term therapy / LT). The outcome of
patients treated with ST over a period of 8 years was
compared with patients treated with LT for 8 years.
Results: Fifty eight children were treated with ST
and 112 with LT. The relapse rate with LT was
12.4% at 6 months, 30.5% at 12 months and 48% at
24 months of the study compared to the 31.5% at 6
months 61% at 12 months and 81% at 24 months for
ST. The mean time period for the first relapse to
occur was 22.8 months for LT, whereas this was
12.5 months for ST.

Arneil described the use of steroids to induce
remission in nephrotic syndrome for the first time in
19565. Currently, a standard prednisone regimen
developed by the International Study of Kidney
Disease in Children (Modified ISKDC)6 is widely
used for the treatment of the initial episode. This
comprises 60 mg/m2 per day of prednisolone for 4
weeks followed by 40 mg/m2 administered on
alternate days for a further 4 weeks. However, due
to the observation of high relapse rates associated
with this regimen, several attempts have been made
to use an extended duration of corticosteroids. Even
though better results have been obtained with
intensified steroid regimens, the associated sideeffects have questioned their potential advantage.
Most such regimens use daily prednisolone for 6-8
weeks. High doses of daily prednisolone are
associated with adverse effects such as
hypertension, diabetes and behavioural disorders7,8.
Frequent relapses, on the other hand, result in
prescription of further courses of prednisolone
resulting in a significant steroid burden and
prescription of cytotoxic drugs with potential side-

Conclusion: A long term tapering regimen is
superior in maintaining sustained remission
compared to short term therapy for the first episode
of childhood NS.
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effects such as opportunistic infections, sterility in
men and development of future malignancies9,10.
Hence, the ideal steroid regimen should be capable
of quick induction and maintenance of remission
with minimal steroid related side effects.

Research and Ethics Committee of the Faculty of
Medicine, University of Peradeniya. This database
was maintained throughout by the principal author.
From 1994 to 2002 all patients attending with the
initial episode of NS were prescribed the standard
course recommended by the ISKDC, which is
prednisolone at 60mg/m2 for 4 weeks followed by
40mg/m2 on alternate days for 4 weeks (ST). From
2002, as there was accumulating evidence that
longer tapering regimens had higher sustained
remission rates, the initial episode was treated with
60mg/m2 prednisolone for 4 weeks followed by
60mg/m2 on alternate days for 2 weeks tapering by
10mg/m2 every 2 weeks for a period of 12 weeks
(LT). The outcome of patients treated with ST
during the 8 year period from 1994-2002 was
compared with that of patients treated with LT for
the 8 year period from 2002-2010.

Adrenocortical suppression has been identified as a
potential risk factor for relapse of NS. It is well
documented that over one week of daily
prednisolone has the potential to cause adrenal
suppression. It is therefore logical to assume that a
tapering regimen will allow the adrenal axis to
recover thereby reducing the risk of relapse in
childhood NS.
When treated with the modified ISKDC regimen,
the steroid concentration in the body would drop
rather significantly when reducing from 60mg/m2
daily to 40mg/m2 on alternate days. Moreover,
binding of prednisolone to albumin in the plasma
would result in a lesser amount of unbound drug
being exposed to tissues to carry out its effects with
the rising levels of albumin with remission
induction11. Hence, it can be argued that while on
daily prednisolone at 60mg/m2, the amount of
albumin-bound drug would increase due to its higher
concentration, leading to a biological tapering of
unbound prednisolone. Therefore, when switching
to alternate-day dose of 40mg/m2 the available drug
would be considerably lower than expected
providing a window to trigger a relapse. This can be
minimised by a regimen which switches to the same
60mg/m2 on alternate days instead dropping to
40mg/m2. Moreover, a prolonged tapering of
prednisolone can allow recovery of the adrenal axis,
resulting in a longer remission period than the
modified ISKDC regimen.

All patients who displayed primary steroid
resistance (failure to respond to 28 days of
prednisolone at 60 mg/m2) were excluded from the
analysis. Hence only initially steroid sensitive
patients were studied. As steroid sensitivity
correlates well with minimal change disease routine
biopsies were not performed.
During the first two years, routine follow up was
done on a monthly basis as the standard practice to
check for recurrence of proteinuria, to assess growth
parameters, and to monitor immunizations. If no
relapses occurred, they were routinely reviewed
every 3-6 months till 15 years. Any events i.e.
serious infections, relapse episodes, prescription of
other immunosuppressive drugs were regularly
updated on the data base.
A patient-held health record was maintained for
each patient. Parents were educated and trained to
test and record urine protein excretion on a daily
basis. The presence of 3+ proteinuria for three
consecutive days was considered as a relapse. Those
relapsing while on alternate day prednisolone or
within 2 weeks of stopping prednisolone were
considered steroid dependent. Frequent relapsers
were those with 2 or more relapses with the first six
months of the disease or 4 or more relapses within
any 12 month period. The first relapse after starting
the test regimen was considered as the primary end
point of the study. The number of children with
steroid dependent, frequently relapsing disease and
the number requiring other immunosuppressive
therapy at the end of two years of follow up were
compared between the two groups.

Since 2002, our unit, which is the largest paediatric
nephrology unit in Sri Lanka, has employed the use
of a longer duration tapering dose regimen for the
treatment of the first episode of NS. In this study we
compare this regimen with the modified ISKDC
regimen which was used prior to 2002.
Objective
This study was conducted at a single centre to assess
the outcome of a longer regimen of prednisolone for
the initial episode of childhood NS compared to the
shorter regimen used earlier.
Patients and Methods
This study was conducted at the paediatric unit at
Teaching Hospital, Peradeniya, a tertiary
nephrology referral centre in Sri Lanka. The clinical
records of children with NS were stored manually
since 1994 and since 2002, electronically entered
and regularly updated on a computerised database in
accordance with the data protection act 1998 and
patient confidentiality and the approval of the

A comparison of the baseline characteristics of the 2
treatment groups is shown in Table 1. The test
regimen used in the study versus the standard
prednisolone regimen is shown in Figure 1.
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Table 1: Comparison of the baseline characteristics of the two treatment groups
ST (n=58)
LT (n=112 )
Variable
Gender, male : female
39:19
76:36
Age (years)
4.3±2.8
4.7±3.1
Serum albumin (g/dL)
1.4±0.6
1.5±0.5
Total cholesterol (mg/dL)
389±132
402±123

The collected variables were entered in SPSS
software version 19 and analysed using descriptive
statistics, paired t-test and nonparametric tests. A p
value of < 0.05 was considered significant.

P value
0.49
0.31
0.41
0.47

61% (p=0.02) and 81% (p=0.04) at 6, 12 and 24
months respectively.
The prescription of LEV and CYC was done
according to the consensus statement on
management and audit potential for steroid
responsive nephrotic syndrome12. If a child is
relapsing frequently such children will be
considered for long term alternate-day steroid
therapy 0.2-0.6mg/kg. If they relapse while on
0.6mg/kg prednisolone or have unacceptable
corticosteroid related side effects they were
considered for LEV therapy + alternate day steroids.
If they relapse while on 0.6mg/kg prednisolone +
LEV or have unacceptable corticosteroid related
side-effects they were considered for CYC therapy.
FRNS patients are not steroid dependent and
therefore will not receive LEV or CYC. It is the
steroid dependent patient who will receive LEV or
CYC. Hence 28 patients out of 58 with ST became
SDNS and 17 received CYC. In the LT group of the
33 out of 112 became SDNS and 19 received CYC.

Results
Fifty-eight children were treated with ST between
1994 and 2002. There were 37 (63.7%) males and
21 (36.3%) females. The age at presentation ranged
from 8 months to 11.5 years and the median age was
4.8 years. One-hundred and twelve patients were
treated with LT between 2002 and 2010 of which 76
(67.9%) were males and 36 (32.1%) were females.
Age at presentation ranged from 9 months to 13.6
years with a median of 5.2 years.
The mean time period for the first relapse to occur
was 22.8 months in the LT group compared to 12.5
months for the children who were treated with ST.
The proportion who relapsed with LT was 12.4% at
6 months, 30.5% at 12 months and 48% at 24
months. These were significantly lower when
compared with the children treated with ST where
the corresponding proportions were 31.5% (p=0.01),

The difference between the relapse rates between ST
and LT are shown in figure 2.
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Table 2: Comparison of the outcome at 2 years between the 2 regimens
Regimen
Patients who
Patients who turned Patients who had to undergo immunosuppressive
turned out to have
out to have FRNS
therapy
SDNS
LEV
CYC
CYA
ST
28/58 (48.3%)
12/58 (20.7%)
26/58 (44.8%)
17/58 (29.3%)
LT
33/112 (29.5%)
7/112 (6.3%)
27/112 (24.1%) 19/112 (16.9%) 3/112 (2.7%)
P value
0.025
0.025
0.317
0.083
LEV – Levamisole, CYC- Cyclophosphamide, CYA- Cyclosporine A
rate of patients who had LT continued to be
significantly lower than those who had ST at 6, 12,
and 24 months.

As shown in table 2, the number of patients who
became steroid dependent after the ST and LT was
significantly different (p<0.05). This was true in the
case of patients who had FRNS (p<0.05) as well.
The number who needed other immunosuppressive
therapy at 2 years was lower with LT compared to
ST, though they did not reach statistical
significance. Cyclosporine A was available since
2006 and therefore a comparison was not feasible.

As this was a retrospective study, cumulative steroid
doses and accurate data on side effect profiles were
not available for analysis. However, the regimen
used could be compared with that used in the studies
of Jayantha and Ueda et al which used a tapering test
regimen somewhat similar LT but slightly longer.
The test regimen by Ueda et al comprised of
60mg/m2 daily for 4 weeks followed by alternateday 60mg/m2 for 4 weeks, then tapering the dose by
10mg/m2 for 5 months. They reported no significant
difference between the side effects resulting from
standard and test regimens. Jayantha used a 7 month
steroid regime of prednisolone 60mg/m2 daily for 28
days followed by 60 mg/m2/every other day for 28
days, thereafter reducing the dose by 10
mg/m2/monthly until 10mg/m2/EOD with no
additional side effects and a lower cumulative
steroid dose at the end of 7 months than that of the
standard regimen.

Discussion
Different studies have explored the efficacy of an
altered initial steroid regimen to maintain remission
of NS13,14. Notable research of Ueda et al in 198815,
Ehrich and Brodehl in 199316, Bagga et al in 199917,
Ksiek and Wyszyska in 199518, and Jayantha in
200219 have obtained better results with longer
prednisolone courses than the standard treatment. In
all these studies the number of patients who relapsed
by the 6th month was significantly less than that of
the standard regimen. Lower mean relapse rates and
longer sustained remission were also observed. The
present study yielded similar results that are in
concordance with those studies with a lesser
corticosteroid burden by maintaining the daily
steroid duration to 28 days and shorter alternate day
tapering steroid regimen of 12 weeks. The relapse

However, Ehrich and Bagga reported that their longterm courses resulted in more frequent side-effects
of steroid therapy. This could be attributed to the
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longer duration of daily prednisolone in their test
regimens which resulted in a large cumulative dose.
No such effect was seen from the other studies. The
findings of Ksiek and Wyszyska in 1995 further
support this. Out of three test regimens the course of
standard treatment for 8 weeks followed by tapering
the dose for another 4 months showed the best
results with longer remission and reduced relapse
rates. No difference in side effects was seen.

rates. Additional favourable outcomes from the LT
regimen are the lower number of patients who
became steroid-dependent and/or had frequentlyrelapsing disease and the lower percentages of
patients
who
needed
immunosuppressive
medication.
This study is not without drawbacks. The
retrospective nature is noteworthy. One could also
argue that we have compared 2 different time
periods. However, with the global trend in NS
showing an increase in severity with time, we
believe that this makes the findings of our study all
the more significant as the LT regimen was used in
the second time period when presumably there
would have been an increase in severity. Therefore
it can be concluded that long-term tapering of
prednisolone is preferable in treating the initial
episode of childhood NS for Sri Lankan children.

In contrast, two recent studies compared shorter
courses of prednisolone with longer 6-month
courses and reported that the short regimen is not
inferior to long-term therapy20, 21. The time before
the first relapse, frequency and severity of relapse,
adverse effects were also similar for both long term
and short term courses. Research by Norero et al in
1996 which compared the ISKDC regimen with a 12
week prednisolone regimen also yielded similar
results22. The meta-analysis by Hodson E, et al.
suggested that extension of alternate day steroid by
one month reduces the risk of relapse at 2 years by
7% up to 7 months3. The Cochrane Database
Systematic Review of 2015 suggests that there are
many factors that determine the risk of relapse viz.
ethnic background, living standards, nutrition,
immunisation and infection23.
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